Background Colorectal cancer is one of the most common cancers in men and women. Participation rates in faecal occult blood testing (FOBT) screening activities are, however, relatively low. In terms of lowering the colorectal cancer mortality, high participation rates are essential, and therefore it is important to understand the barriers to FOBT screening.
Background
Colorectal cancer is one of the most common cancers in men and women. On a global level colorectal cancer incidence ranks as third among women and fourth among men. 1 Primary prevention has not been proven effective, and hence colorectal cancer screening seems the only opportunity to reduce mortality. 2 -4 The currently accepted screening methods include faecal occult blood testing (FOBT), sigmoidoscopy and colonoscopy. According to the World Gastroenterology Organisation all these techniques are cost effective, but apart from requiring different amounts of resources (financial, professional, facilities) and patient effort, the techniques also differ in terms of at what stage of the disease detection is possible. 5 Large-scale randomized controlled trials (RCTs) to evaluate the effects of FOBT screening have been undertaken in Minnesota, USA, 6 Denmark, 7 England, 3 Sweden 8 and a large-scale controlled trial using this screening modality has been undertaken in France. 9 RCTs on screening with sigmoidoscopy are under way in USA, 10 Italy, 11 the UK 12 and Norway. 13 The FOBT trials have universally showed that the mortality from colorectal cancer can be reduced by around 16 -18% with FOBT screening. 3,7,8,14 -16 Ongoing trials on sigmoidoscopy will sort out whether a reduction in the morbidity also can be achieved by examination of only the lower 60 cm of the bowel. A first result from the Norwegian trial showed a mortality reduction in the screening group as a whole of 27% (HR 0.73, 95% CI: 0.47 -1.13). 17 Although there is consensus about the benefit of colorectal screening, there are different views on whether the aim should be to reduce only the mortality from colorectal cancer or to reduce both the morbidity and the mortality from the disease, and these views affect the recommended screening modality. While the US screening guidelines operate with all three tests, 18 FOBT is still the only recommended screening test in Europe. 19 FOBT screening is now being rolled out in many European countries starting in 2001 in the Czech Republic, in 2004 in Finland, in 2006 in the UK and in France national coverage is planned at the end of 2008. There are also recent or planned programmes in Belgium, Denmark, Portugal, and Sweden. 20, 21 In order for these screening programmes to be efficient, in terms of lowering the colorectal cancer mortality, high participation rates are needed. Previously participation rates in trials or compliance with current recommendations have been relatively low. It is therefore important to understand the barriers to FOBT screening. Several such studies have been published including the data from RCTs, controlled trials, pilot programmes and adopted screening programmes. Findings from these studies have here been compiled in order to assess the importance of socio-demographic characteristics on compliance with FOBT programmes.
Methods
We undertook in 2008 a systematic search through PUBMED, Medline, EMBASE and PsycINFO in order to identify studies that provide information on sociodemographic determinants of participation in colorectal screening. Search terms used were [('colorectal neoplasms' or 'colonic neoplasms') and 'mass screening'] combined with 'occult blood', 'socio-economic factors', 'patient compliance', 'participation', 'acceptance', 'attitude' used with relevant Boolean wildcard symbols. For inclusion the study had to report on compliance by at least one of the following factors: country, gender, age, marital status, social status, education, use of health services. We used no limits on date of publication but only included studies published in English. The search results have been supplemented with studies found in references, relevant reports and World Gastroenterology Organisation (WGO) Graded Evidence. Studies dealing with risk awareness, attitudes, beliefs and psychosocial factors have not been included. Data concerning 23 screening programmes and activities are included in this review, Table 1 .
Results
Country, gender, age, marital status, social status, education and use of health services have been studied as determinants for participation in the FOBT screening. Results from the different programmes and activities have been presented in a similar way as possible. However, due to differences in reporting and the with the aim presenting the relevant information it has been necessary to permit differences such as varying measure for the same determinant and varying categories of reference.
Country
The highest participation was found in the US Minnesota RCT, 85%, the Finnish CT, 71%, the Danish RCT, 67% and the Swedish Göteborg RCT, 66%. In a recent Danish feasibility study participation was 48%, which is lower than reported in the RCT. In France both activities showed a participation of 55%. The UK Pilot had a slightly higher participation than the RCT, 57% versus 53%. In Australia the participation was 45%, while in Italy the participation was 29%. The North American data refer to adherence to FOBT guidelines and show a varied adherence from 7 to 35%, Tables 2 and 3 .
Gender
A high screening participation of 78% was found for women in the Finnish CT. Participation over 60% were otherwise found for both men and women in the Danish RCT, for men in the Finnish CT and for women in the UK pilot programme. All other participation rates in Europe and Australia were in the range of 40-50%, except Italian participation rates about 30% for both men and women. In the European and Australian programmes, the overall uptake was higher among women than among men, with the exception of the French CT, Table 2 . A more mixed picture was found in North America, where the uptake for men was higher than that for women in four of nine studies and only result reported as significant, Table 3 .
Age
Results from the UK RCT, pilot programmes and surveys of screening activities show an increased participation with increased age. Those activities that include the oldest age groups, 70 years or more, mostly show a drop for that group. The Danish RCT show a decreased participation with increased age, 22 Table 2 . The North American data universally show an increase in the screening uptake with increasing age, Table 3 .
Marital status
Being married is positively associated with the odds of having had an FOBT. In Finland, the OR for participation for the unmarried was 0.55 (95% CI: 0.53 -0.57) as compared with the married. Similar results are reported by Neilson et al., 23 Meissner et al., 24 Young et al. 25 and Greiner et al. Coughlin et al. 27 reports decreased uptake among the single as opposed to married, separated and widowed, Table 4 .
Education
Educational attainment is positively associated with the odds of having had an FOBT. Meissner et al. 24 reports increased ORs for having had an FOBT with increased education, 1.32 (95% CI: 1.13-1.53) for high school graduates, 1.53 (95% CI: 1.31-1.79) for some college and 1.80 (95% CI: 1.54-2.11) for college graduates as compared with less than high school education. Coughlin et al. 27 and Thompson et al. 28 report increased ORs for high school graduates, 1.51 (95% CI: 1.09-2.10) and 1.28 (95% CI: 0.81-2.03), respectively, and for college graduates, 1.35 (95% CI: 0.89-2.03) and 1.21 (95% CI: 0.64-2.30). Similar results, although only comparing two categories, are reported by Young et al. 25 and Greiner et al., 26 Table 4 .
Social status
From the UK RCT, Neilson et al. 23 report a decreasing participation with decreasing social class and similar results are Refers to the age group included in the respective studies. found in the UK pilot study where the participation was almost 60% lower in the most deprived group as opposed to the least deprived, Table 4 . Only very few studies report any results on the association between occupation and/or employment and participation in colorectal screening. Although the figures seem to indicate that being unemployed is a risk factor, none of the results are significant (data not shown). 27, 29 Similarly, income seem to be positively associated with having had an FOBT, but comparison is made difficult as data stems from different years. 24, 26, 30, 31 Use of other health services Use of health services is a strong determinant for participation. Having had a mammogram within the recommended interval preceding the study, a pap smear, a PSA test or a cholesterol test all predict a significantly higher uptake in colorectal screening as does having visited a physician or a primary health-care provider. Meissner et al. 24 and Coughlin et al. 27 both report a seven times higher OR for adherence for those who had visited a GP the year preceding the study, Table 4 .
DETERMINANTS OF PARTICIPATION IN CRC SCREENING

Discussion
Main findings of this study FOBT participation varied across countries from 71% in Finland to 29% in Italy. In some countries the testing situation also had an impact, the participation was thus 67% in an RCT in Denmark but only 48% in a pilot project, while a similar participation rate of 55% was found in CT and pilot projects in France. There was a tendency to higher participation among women than among men, but a marked difference of 63% for men and 78% for women was found only in Finland. Overall, women's participation in FOBT screening was thus lower than their participation in mammography screening, which has reached levels close to 90% in Norrbotten, Sweden; Finland; and Fyn, Denmark, 32 and lied around 75% in the UK. 33 There was no systematic variation in participation across age groups.
Data from both RCT and pilots in the UK systematically showed a social class gradient in the participation, where higher social classes had more than double the participation than lower social classes. From the RCT in Nottingham, UK, Whynes et al. 34 reported that the index of multiple deprivation (IMD) '[. . .] is highly significant in explaining participation; specifically, [GP] practices where deprivation was higher achieved a lower participation rate.' The importance of this social gradient is further highlighted by the fact, that survival following the diagnosis of colorectal cancer, among other factors, is correlated with socioeconomic factors. 35, 36 Marital status had little impact in the UK, but it was a highly significant determinant of participation in Finland, where married people had an almost double participation than not-married people.
Studies focusing on education as a determinant are mostly from USA, and these data refer to adherence to FOBT recommendations rather than to participation in FOBT trials or pilot studies. Not surprisingly, the FOBT participation has been substantially higher in the European and Australian trials and pilots than the FOBT uptake in the US population, where FOBT is only one of the recommended screening modalities for colorectal cancer. In the US, the FOBT uptake increased with increasing level of education, but there was a considerable variation across studies in the size of the gap between the top of bottom groups from a 12% to an 80% difference.
The use of other health-care services was in most studies a strong determinant for participation in screening with FOBT. This included visits to the GP, visits to the dentist and participation in other screening or preventive activities. The correlation with the use of other health-care services did, however, vary across countries. Recent contact to a GP was thus a strong determinant for FOBT uptake in North America, but not for participation in the UK. The fact that non-users of FOBT tended to have less contact to the health-care system in general than users tallies well with findings from, e.g. mammography screening activities. 37 -39 This general pattern of screening participation suggests that efforts to target information at the non-participants via the health-care system, as GP or dentist offices, are not expected to be effective.
What is already known on this topic
In 2003, the American Gastroenterological Association posed the question 'How can screening be more universally implemented in the population?', 18 and this is still a major concern, worldwide, in as much as uptake is directly related to screening effectiveness. Beydoun and Beydoun published a review in 2007, studying predictors of colorectal cancer screening. Although not specifically focused on FOBT and covering solely the USA, the authors suggested that what predicts uptake in colorectal screening is a 'complex behaviour with multiple influences', which is coherent with the findings in this study.
What this study adds
Firstly, there was large variation in overall participation across local settings, but it is notable that when, for women, comparing participation in colorectal cancer screening with participation in mammography screening, the participation in colorectal cancer screening is substantially lower, despite the fact that the targeted age groups for both screening modalities are practically the same. This could indicate that there are some inbuilt barriers to colorectal screening. Secondly, there was evidence pointing to the importance of the local setting in the impact of socio-economic and demographic factors on participation in colorectal screening. While, for example, the marital status seemed to affect the participation in much the same way in all the studied programmes/activities, the impact of gender was nonsystematic. Contact with the health system was a strong predictor everywhere, while the level of education, although positively associated with participation, had a varied level of impact depending on the setting.
Limitations to this study
In general, data on socio-economic factors affecting participation in FOBT screening are scarce. Apart from the data on uptake, age and gender only a few indicators were available for more than one country. Data included in this review stem from screening programmes and activities with substantial differences in their organizational setup. It is reasonable to assume that background factors play a different role when individuals are invited to partake in an RCT than in an organized screening programme. Likewise, where data refer to adherence to recommendations, as is the case in the USA, it is reasonable to expect that the uptake patterns differ from those in the above-mentioned activities. The disparity in setting and study type between the included activities ruled out the possibility of conducting a meta-study. The limits in comparability that this circumstance entails is, however, also a result in itself in so much as it indicates the necessity of local monitoring. Data on ethnic differences were excluded for reasons of incomparability.
Conclusions
Participation rates in the FOBT screening have varied considerably across countries, but they have rarely been above 60%. Even in Finland where adherence to screening is normally very high, the FOBT screening programme started with a participation of 78% in women compared with an initial participation in mammography screening of 89%. It is furthermore difficult from the data to point to a general strategy for increasing the participation in FOBT screening. While not-married people seemed to be an obvious focus in Finland, this was not the case in the UK. In the UK, there was on the other hand a considerable potential in increasing participation among socially deprived people. Limited use of other health-care services was in general an indicator of low FOBT participation. However, while it seemed reasonable in Canada to focus on people not seeing a physician regularly, it would in the UK be more effective to focus on those not having visited a dentist within the last year.
As participation in the FOBT screening in general is relatively low, it seems important to increase the general acceptability of the testing in the population. The participation pattern seems in part to depend on local circumstances, and this stresses the need for monitoring of screening programmes and the development of information strategies specifically targeted to the local participation pattern.
